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Abstract 
In this work we present a flexible pyroelectric capacitive sensor, based on PVDF-TrFE, fabricated on a ultra-thin 
polyimide film (8 Pm thick) connected to a fully printed p-channel organic thin film transistor that is used to amplify 
the sensor signal. We fabricate a standalone device, exploiting a multi-foil approach, where the pyroelectric capacitor 
was glued on the organic TFT substrate, that consists of a PEN foil 125 Pm thick, previously made in CEA-LITEN 
labs. The pyroelectric properties of the PVDF-TrFE capacitor were enhanced using a thermal poling procedure before 
the TFT integration. The sensor behavior was analyzed at different working frequencies (up to 500 Hz) under a 
specific infrared (IR) radiation provided by a He-Ne laser, with a wavelength of 632 nm and maximum power of 5 
mW. An output signal of few millivolts was observed, exploiting the pre-amplification of the fully printed organic 
transistor. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Low temperature heat sensing plays an important role on the world of sensors: human body detection, 
environment monitoring, proximity sensors, thermal imaging are only few examples of possible 
applications. For these kind of devices, sensing polymers and organic electronics can represent an 
intriguing choice especially in terms of fabrication cost, since they can be potentially inexpensive to 
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manufacture. Moreover, pyroelectric sensors based on polymeric materials and integrated with 
complementary logic architecture (CMOS) organic electronics can provide rollable, light, robust devices 
[1-2]. In this work we present a flexible pyroelectric capacitive sensor, based on PVDF-TrFE, fabricated 
on a ultra-thin polyimide film (8 Pm thick) connected to a fully printed p-channel organic thin film 
transistor (OTFT) realized on a PEN substrate 125 Pm thick. P-channel OTFTs, with staggered top-gate 
configuration, were fabricated at CEA-LITEN [3], while the sensor capacitor was made at CNR labs and 
successively integrated on the OTFT substrate adopting a multi-foil approach. 
2. Device fabrication 
The pyroelectric sensor and the organic thin film transistor were connected together, using a multi-foil 
approach, which means that each device was fabricated separately and then attached one over the other. 
In this way the whole pyroelectric sensor reached a total thickness of about 135Pm. The gate of the 
transistor was connected to the bottom electrode of the PVDF-TrFE capacitor by a conductive ink 
deposited through an ink-jet printer DIMATIX (see fig.1).  
 
 
Fig.1. A cross-sectional view of the final sensor device, using the multi-foil approach (left). An optical image of the flexible 
pyroelectric capacitor and p-channel OTFTs before the integration (right) 
 
2.1 PVDF-TrFE piezoelectric capacitors on polyimide 
 
We started the pyroelectric capacitor fabrication, depositing on a rigid carrier (Silicon wafer with 1 μm 
of thermal SiO2) a HD-Microsistems 2611 polyimide layer of about 8 μm by spin coating. The polymer 
was cured at 350°C for an hour, minimizing shrinkage effect during device fabrication. A first metal bi-
layer of 600 Å, made in Cr-Au was thermally evaporated and patterned, forming the bottom electrode of 
the capacitor. Then, a film of about 2 μm of PVDF-TrFE was deposited by spin coating and annealed at 
110 °C for two hours. The upper electrode was successively lithographically defined, starting from a layer 
of Cr 500 Å thick. Finally, exploiting a sacrificial layer of Al, the PVDF-TrFE was properly patterned by 
reactive ion etching, leaving an insulating region of 250 μm in order to prevent electrical damage due to 
possible arcing during the poling procedure. After fabrication process, PVDF-TrFE capacitors on 
polyimide were cut, detached from the rigid carrier and singularly tested. No tensile or compressive 
mechanical stress was observed on freestanding devices. Each PVDF-TrFE capacitor was connected to a 
Keithley 2635 power supply to perform the poling procedure in order to align the dipoles in the polymer 
structure, increasing the PVDF-TrFE piezoelectric and pyroelectric properties; no electrical breakdown or 
evident damages were experimented on devices up to 160 V, measuring leakage currents below 1x10-6A. 
528   L. Maiolo et al. /  Procedia Engineering  47 ( 2012 )  526 – 529 
To further enhance the poling procedure, the substrate was heated up to 80°C and then cooled down 
during the final voltage step, in order to freeze the dipoles in a proper position. 
 
2.2 Organic thin film transistor fabrication 
 
P-channel  OTFTs, with staggered top-gate configuration, were fabricated at CEA-LITEN, using 
printing processes on heat stabilized, low roughness polyethylenenaphtalate PEN foils (125 Pm thick). 
The source and drain gold contacts were defined by laser ablation. The p-type semiconductor is a solution 
processed 6,13-bis(triisopropyl-silylethynyl) pentacene derivative and could be deposited by different 
techniques such as spin coating or screen printing. The fluoropolymer gate dielectric (1.2 Pm thick) and 
the Ag gate electrode are both deposited by screen printing. All curing steps are kept below 100°C, to be 
compatible with the PEN substrate limitation. The fabricated OTFTs have a multifinger structure with 
different channel lengths (from 5 to 200 Pm) and channel widths W (from 100 to 2000 Pm). From the 
transfer characteristics measured at low Vds on long channel devices, as shown in Fig. 2a, we deduced 
typical field effect mobility, PFE , in the range 1.4-2 cm2/Vs, threshold voltage, VT , between -10 V and -
15 V and subthreshold swing, S, of 5-7 V/dec. Field effect mobility evaluated from saturated transfer 
characteristics, Psat , is in the range 0.9–1.4 cm2/Vs. The output characteristics, reported in Fig. 2b, show 
linear behavior at low |Vds|, suggesting a low contact resistance, in agreement to what has been already 
observed in staggered OTFTs. 
(a) (b) 
Fig.2. (a) Transfer characteristic for the organic TFT with W/L=2000um/10um, (b) Output characteristics of the same device, 
measured at room temperature 
3. Results and discussion 
The sensor capacitor and the OTFTs were preliminary tested separately in order to characterize their 
electrical behavior at specific different bending radii, since the structure is conceived to work on a static 
curved surface. No relevant changes could be observed on the pyroelectric sensor response and on the 
OTFT transfer characteristics (see fig.3a) for mechanical stress with a bending radius of 1.5 cm. To 
arrange this experiment we put the PVDF-TrFE capacitor on different curved stages and we connected the 
device to an oscilloscope, striking the structure with an incoming IR radiation chopped at increasing 
frequencies (up to 500 Hz). In case of the printed OTFT we mount the device on the curved stages and we 
directly measured transfer characteristic using a probe station and two Keithley 236. Measures reported in 
Fig.4 have been carried out using setup shown in Fig.3b, where a trans-impedance amplifier was 
connected to the source terminal of the TFT providing virtual-ground and allowing the reading of the Ids 
current. Gain of the amplifier (Rgain) has been set equal to Rload (5M:) in order to obtain a voltage 
variation consistent with the output voltage. A signal of few mV could be detected in the range of 100-
500 Hz. 
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 (a) 
 (b) 
Fig. 3.(a) Transfer characteristic for the OTFT with W/L=2000um/10um, measure in a flat condition and on a curved stage with a 
bending radius of 1.5 cm. (b) A scheme of the measurement’s setup. DUT is arranged in a common-source amplifier configuration 
with passive load. A trans-impedance op-amp is used to read drain current and to provide virtual ground to the source terminal 
 
 (a)  (b) 
Fig. 4. Two sensor output voltages measured at 250 Hz and 500 Hz respectively, for a PVDF-TrFE flexible capacitor with a 
diameter of 2 mm and an integrated p-channel organic TFT with W/L=200 
4. Conclusions 
We fabricated a flexible pyroelectric sensor based on PVDF-TrFE, connecting in a multi-foil approach 
the sensing capacitor together with a fully printed p-channel OTFT made on PEN substrate. The device 
showed an output of few mV to an incoming IR chopped radiation provided by a He-Ne laser, with a 
wavelength of 632 nm and maximum power of 5 mW. These devices can represent a good candidate for 
low temperature heat sensing applications. 
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